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LEAF AREARATIOS FORSELECTEDRANGELANDPLANTSPECIES

Mark A. Welt/,', Wilhcrt H. Blackhuni". and
J.

Hosier Sin laiitoii'

AHSTKACr—Leaf area estimates are re([iiiretl In Indrolojiie, erosion, and 'j;ro\\ tli A ii'kl siniukition models and are

important to the nnderstanding ol trtuispiration, interception, COo fixation, and tlie energ\ balance for native pkmt

connnnnities. Leaf l)iomas.s (g) to leaf area (nim") linear regression relationships were e\alnated for 15 perennial grasses,

12 shruhs, .md 1 tree. The slope coefficient ((So) of the linear regression eqnation is a ratio of leaf area to leaf hiomass and

is definetl as the leaf area ratio [LAR = one-sided leaf area (nim~)/()\en-dr\- leafweight (g)]. LAR represents (3(1 in each

regression eqnation, where Y = P{|(X). Linear regression relationships lor leaf area were compnted (r~ = .84-.9S) for all

28 natixe nuige species after fnll leaf extension. Within-pkint estimates of leaf lU'ea for niesquitc iProsojns ^Idiidulosa Torn

\Ar.<^hni(liiIosa [Torr.] Cockll.) or liinepricklviish (Zanthoxt/hnn fag^ara [L.\ Sarg.) were not significantK' different (P< .05).

LARs for three of the shnibs and the tree were established at fonr different phenological stages. There were no significant

differences {P < .05) in LARs for lime prickh- ash, niesqnite, and Texas persimmon {Diospijras texana Scheele) after fnll

leaf extension dnring the growing season. The LAR relationship forTe.xas persimmon changed significantly after fnll leaf

extension. LAR relationships for Texas colnbrina (Cohtbrina texemis [T & G.] Gray) changed in response to water stress.

Kct/ tcanls: h'tij diva index, drought response. Icafhioiiiaw

Eighh" percent of the world's rangeland is

classified as arid or seniiarid (Branson et al.

UJSl I. i.e.. precipitation is less than e\"apotrans-

piratioii. Under these conditions water axail-

al)ilit\' is tile most important en\ironniental

factor controlling plant production and snni\ al

t Brown 1977). E\apotranspiration (ET) is the

major component of the water balance and is

estimated to accomit for 96% of annnal precip-

itation for rangeland ecos\stems (Branson et al.

1981, C^arlson et al. 1990), with surface rinioff

accounting for most of the remaining 4%
(Gifford 1975, Lauenroth and Sims 1976.' Carl-

son et al. 1990).

Ex'apotranspiration has Ixn^n irieasiired for

selected rangeland plant coimnunities with

Ksimcters and tlu^ Bowen ratio method (\\'ight

1971, Hanson 1976, C;av and Frit.schen 1979.

Carlson etal. 1990). Estimates of ET for mnnea-
sured rangeland plant connnmuties are usualK'

simulated from hydrologic models (Lane et al.

1984, \\'ight 1986). For luclrologic simulation

models to be biologicalK' meaningful, inipnned

metliods of sinnilating exapotranspiration from

rangeland plant connnnnities are needed. Two
different approaclies are currently being used.

One approach is to use a crop coefficic^nt (Kc)

(W'ight 1986). Kc is defined as the ratio of actual

exapotranspiration to e\apotranspiration when
water is nonlimiting. This empirical method is

extremeh' difficult to parameterize for range-

lands because water is often limiting and esti-

mates of transpiration are confounded h\ soil

water exaporation (Wight and Hansen 1990).

Thus, \Vight and Hansen (1990) reporied that

Kc \alues were not transferable across range

sites. The second method is based on leaf area

inde.x (LAI) (Ritchie 1972). LAI is defined as the

foliage area per unit land area (Watson 1947).

The LAI method is uiore process-ba.sed than the

Kc approach and has Ikhmi siiccesshdK used in

se\eral rangeland Indrologic, erosion, and

growtli/\ield sinnilation models (Wight and

Skiles 1987, Lane and Nearing 1989, Arnold et

al. 1990).

A limitation in using natural Resource

models, like the \\'ater Erosion Prediction Proj-

ect (WTPP) (Lane and Nearing 1989), is in

dexeloping L.\I c-oefficients for rangeland

[)lants. LAI is difficult to measiu-e because of the

drought-deciduous nature of certain shrubs, in

wliicli sexcral c\cles of leal initiation and defo-

liation occur within a single growing season

(C;anskoi)p and Miller 1986) and seasonal

.,USD,\. .Xgriciiltural Rp.search Senice. Southwest V\atersliecl Researcli Center. 2()()() F,;Lst Allen Road. Tucson. .Arizona 8.57194.596.

"Northern" Plains Area Adniinistratne OITice. 2625 Redwing Road. Suite ^50. Fort Collins, Colorado 80.526.

231



23(S (;hkat Basin Naturalist [Volume 52

TaBI.K 1. DfSfriptioii of studv sites, raii^e sites, and soil series oC species exaliiated (or leaf area to leaf hioiiuiss

relationsliips.
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TMii.!-; 2. Ixjcation of stucK' sites, sample dates, Iieitjlit class, iiniiiher of samples, and species exaliiated for leaf area to

at liiomass relatiousliips.

Height class (iii) Species

Location Sample 0-11-2 2-3 3—4 >4 (ionimon name Scientific name
date

ihston

Meeker, CO

AZ Aucr. 1983

Au>i. 1983

An<i. 1983

Aug. 1983

Ano;. 1983

Aug. 1983

fmie 1987

June 1987

6 6

7 8

Si(lnc\. M r |uK 1987

|iil\ 1987

Chiekaslia. OK |une 1987

I
line 1987

"liiiie 1987

Chifkaslia. OK "|mie 1987

June 1987

I line 1987

10

15

15

10

10

10

10

10

10

10

10

10

10

Ft. SuppK.OK |nne 1987
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Tablf, .3. Mean and standard error oflcat hioniass and leaf ;irea. and linear regression'' model slope eoettieients (LAR
'

relating leafiu-ea to leafbionuLss for selected rangeland grasses and shnibs sampled after f'nil le;if' extension.

Species

Grass Ks

Needle-and-tliread

Western wiu-atgrass

Indiangrass

Little l)ln(^stem

Big hlnesteni

Buff;ilo grass

Scrihners dicliantheliiuu

Sand paspdnm
Tiill dropseed

S;uid lovegrass

Hain grama

Sideoats grama

White tridens

Texas wintergrass

(JurK' mesqnite

SllKlBS

Desert zinnia

Mariola

Broom snakeweed

Little leaf snmac

Tarhnsh

Oeosott-husli

Sand sagebrnsh

Shadscale saltbnsli

Wyoming big sagebnish

Leaf biomass

3.6

2.0

S..5

2 7

1.3

1.5

1.3

1.5

0.9

0..S

0. r

o.r-)

0.7

1.2

o.s

1.6

3.5

•3.7

3.9

3.7

.3.0

3.2

3.9

5.3

SE

O.SO

0.33

1.56

0.3S

0.45

0.22

0.21

0.23

0.15

0.12

0.13

0.22

0.16

0.24

0.15

0.10

0.40

0.51

0.71

1 .00

0.19

0.58

O.Sl

0.S.3

Leaf area

(nmi")

SE

3,580

5,760

82,670

28,030

11.290

6,820

15,300

7,580

8,500

8,650

4,360

5,240

.3,980

8,.32()

5,270

9,440

19.410

11.160

22,0.50

2.3,.360

16,790

5,9.50

10,5,30

18,220

900

902

1,3.50

4,710

2,213

1,091

2,601

1,1.36

1,3.34

1,3.S3

769

2,8.36

1,007

1,.361

925

580

1,2.S(I

920

331

20.3

910

1 .257

2,047

2,715

LAR
{nim"g )

1.040
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Table 4. Mean and standard error of" leaf biomass and leaf area, and linear regression'' model slope coefficients (LAU
lating leaf iUX'a to leaf bionuiss for selected rangeland shrubs and trei' on a line sandv loam range site near /Vlice. Texius.

Species
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leaf densitv' (nig innT") of niesquite leuM's

increased over the growing season. The densit}'

ranged from 0.{)()()4 nig nnn " in the spring to

0.01 7 nig mm' in die fall. This corresponds with

a leaf area change of 5880 to 25,000 nnii' g '.

Ansle\- et al. ( 1992), working in north central

Texas, reported that LAR of niescjnite ranged

from 9916 to 5944 ninr g'. Mesquite LAR
declintnl from Ma\ throngli Angust 1987, hnt

stabilized from Angnst through September fol-

lowing substantial precipitation. In 1988 precip-

itation was substantialK' less than in 1987, and

the mean I.AR was significantly lower than in

1987. LAR followed the same pattern in 1988,

declining from a high of 6877 in the spring to a

low of 4996 mm" g' in October. Anslev et al.

(1992) speculated that the decline in LAR was

caused b\- cell-wall thickening in response to

dning conditions, based on the work of Kramer

and Ko/.k)wski (1979).

The siinilarit\' in LAR across sampling dates

f ron 1 th is stud\' may be partially explained in th at

sam[)ling was not initiated until all leaves were

lulK expanded (or approximatelv lour weeks. In

addition, Ajiril, Ma\; June, and September pre-

cipitation was significantlv above the k)ng-terni

average ])recipitation and no noticeable water

stress was apparent in the trees sampled. Nilsen

et al. (1986) indicated that relati\e leaf area of

phreatoplntic mesfjuite {P. olanchilosa \ar. tor-

rcijana) in tlu^ Sonoran desert of southern (iai-

ifoniia remained nearK constant from Ma\
through \o\ember. Maximum leaf area was
maintaiiK^d throughout the liottest and driest

months ol the wav \ia access of deep stored soil

water by taproots. Whenwater availabilit}' to the

normally phreatophytic mesquite was reduced,

total leaf area was reduced (Nilsen, Virginia, and
Jarrell 1986). We hvpothesi/xMl that nies(juite

lea\-es reach a stable weight at niaturit\ and the

lack of water stress during the growing season

prevents the changes in leaf weight (o leaf area

reported by Ansley et al. (1992). Changes in leaf

weight as a result of translocation ol' sugars,

.starches, other compounds, and insect damage
could not be detected or .separated from cell-

wall thickening from water stress witliin the

precision of sampling in om- stud\.

Texas persimmon LAR in April 1986 was
significantl)- greater than for sampling dates in

1985. Meyer (1974) reported that Texas persim-
mon produces two tvpes of leaxcs: a large leaf in

the center of the canopy and a smaller leaf

around the i^erimeter of the plant. The leaxes

arc* initialK light green in color and become

glabrous after elongation ceases. As the leaf

matures, the x)'leni and bundle fibers become

increasingly lignified and the leaf tunis dark

green, with the underside becoming densely

covered with trichomes. Leaf modification is

complete by early July. The lower LARof Texas

persimmon leaxes in 1986 was attributed to the

leaxes not being fullv elongated, with

incomplete development of trichomes and lig-

nification.

LAR relationships forTexascolubrinaxaried

seasonally. LAR was similar during the early

growang seasons in May 1985 and April 1986,

and in August 1985. In November the LARwas

33% greater than during other sample dates

(Table 4). Rasal leaves of Texas colubrina are

approxiniateK 10 times larger than the outer

canop\ leaves. In response to an extended diy

period in fuK and August, Texas colubrina

dropped 95% of its leaves. The onl\- leaves

I'etained during this diy period were the large

basal leaves in the center of the shnib. The

significant difference in LAR between the

sample dates was attributed to the different

proportion of leaf tspes and not the change in

specific weight of the leaves.

(Tunskopp and Miller (1986) reported sim-

ilar significant seasonal changes in LAR for

Wxoming big sagebrush. Tlie\' speculated that

the greatest proportion of seasonal \ ariation was

due not to the development or alterations in

starch and sugar accuniulations but rather to

changes in the proportion of larger persistent

leaves to smaller ephemeral leaves.

Shiiib leaf biomass to leaf ai'ea was liighlv

correlatetl for the nine other shrubs sampled

(Table 3). The LAR for slinib leaf area ranged

from 2010 to 6100 nuir g"'. Other researchers

have also reported satisfacton results in relating

l(\il biomass to leaf area (Schilesinger and

(^habot 1977, Kaufmann et al. 1982, Ganskopp

and Miller 1986) within sample date. Based on

the seasonal xaiiabilitvin LAR for Texas persim-

mon and Texas colubrina in this stiuK and the

findings ol (Tunskopp and Miller (1986) in ea,stern

Oregon tor Wvoming big .sagebni.sh, we c;ui state

that s(\i.s()nal \ariabilit\ in tlie.se and other

(h'ought-deciduous shmbs is an important source

of xaiiation tliat needs to be accounted for when

simulatinti LAI owv the entire* tirowiii<i sea.son.
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Conclusion

For tlic spt'cics saiiipli'd. leal hioiiiass is a

reliable^ estimator of leaf area, llowexer, for

some slinil) species, seasonal differences in

cle\('loi)m(Mit and shedding of different t\pes of

l(^a\es and leal nioiphological de\elopnient c-an

prodnce significant temporal flnctnations in

LAR. Caldwell et al. (198f) reported that for

semiarid hnnciigrasses, leaf blades of regrowing

tillers had grc\it(^r photos\nthetic capacit\' than

blades on nnclipped plants. This resulted in

greater carbon gain for clipped plants and an

increased photosMithesis/transpiration ratio.

Nowak and Caldwell (1984) reported that the

photosvnthetic rate for both clipped and nn-

clipped plants decreased with age of the lea\es.

Cnrrent rangeland Indrologic simnlation

models do not account for changes in LAR or

exapotranspiration rates as a function of age of

the leaf. [)r()poition of leaf t\pe, or compensa-

ton photosNiithesis rate increases following

defoliation due to grazing. Models currently

utilize a fixed coefficient for calculating LAI. If

significant adxances in modeling e\'apotranspi-

ration on langelands are to b(^ made,

improxements in the relationships used to sim-

ulate exapotranspiration that incoiporate these

processes will he needed. The LAR method of

calculating LAI exaluated in this studx" proxides

a fast, reliable method of estimating LAI neces-

san to [)arameterize these hydrologic simula-

tion modc^ls. To account for the seasonal

diffen^nces in L.\R for Texas persimmon and

Texas colubrina, a xx'eighted average based on

season of xear is recommended for parameter-

izing tlu^WT.PP model. For plants like m(^s(|uite

and lime piicklx ash, one LARxalue can be u.sed

in non-drought vears. For xears xxith significant

dn periods, a decrease in LAR of 10^0% max
need to be accounted for xxith non-phreato-

piixtic nies(|nite. as indicated bx this xxork and

thatof Ansleyetal. U992j.
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